Background {#Sec1}
==========

Barrett's esophagus (BE) is defined as the replacement of squamous epithelium of the lower esophagus by single layer columnar epithelium \[[@CR1]--[@CR4]\], with or without the intestinal metaplasia (IM), which may be accompanied by risk of progression to carcinoma \[[@CR4]--[@CR6]\]. In recent years, the morbidity of esophageal squamous cell carcinoma and gastric carcinoma has been decreasing, while the incidence of esophageal adenocarcinoma is gradually increasing \[[@CR5]\]. Therefore BE has attracted more attention as the most important precancerous lesion of esophageal adenocarcinoma.

The diagnosis of BE is disturbed by numerous factors clinically. Firstly, judgment for esophagogastric junction (EGJ) is subjective to some extent \[[@CR7]\]. EGJ is usually defined by the top of the gastric folds, or the location of esophagus palisade blood vessel \[[@CR8]--[@CR13]\], both of which will be influenced by respiration, the volume of gas injected, the pressure of esophagus, even the relative position of diaphragmatic hiatus \[[@CR9]\]. Secondly, the shape of the Z-line is another disturbing factor, and the biopsy result of columnar epithelium is meaningless if the initial or correct location of Z-line is wrong. Therefore, the accurate diagnosis of BE is based on correct EGJ judgment, the initial location of the Z-line, and the biopsy result above the Z-Line.

High resolution imaging technology and magnifying endoscopy have greatly improved the observation of mucosal micro-pattern. However, chromoendoscopy is irreplaceable. The acetic acid (AA) could provide better contrast of different epithelium. It is a kind of dye that can react specifically and reversibly with the columnar cells, however the exact mechanism is unclear yet. It is speculated that reversible degeneration of cellular proteins causes aceto-whitening reaction \[[@CR14]\]. There are studies confirming that the AA used for BE epithelial staining could identify the mucosal microstructure especially highlight dysplasia and early cancer \[[@CR15]--[@CR18]\]. Meanwhile AA can increase the contrast between the squamous and columnar epithelium, producing white line at the junction which is coincident with Z-line in the healthy people. We have noticed that AA could produce multiple white circular lines, forming circular stripes (CS) at lower esophagus, and this feature was more common in BE patients. So a retrospective study was conducted to investigate whether the CS is a special marker for BE patients.

Methods {#Sec2}
=======

Patients {#Sec3}
--------

Both BE patients and control group participants were selected from Data of Endoscopy Center of The 2nd Affiliated Hospital of Xi'an Jiaotong University from March 2016 to October 2016.

Inclusion criteria: The BE patients should be diagnosed as full range or tongue type at least once before the research with pathological evidenc according to biopsy standard of ACG Clinical Guideline**,** 18 to 85 years old, male or female, outpatient or hospitalization. In this research, there are also some typical endoscope features can be seen to support BE diagnose, including columnar epithelium above esophagogastric junction (EGJ) where should be squamous epithelium normally, repositioned Z-line (upward the normal position \> 0.5 cm) and the orange esophageal epithelium below the Z-line which is carnation in healthy people, and paliform vessel below the Z-line can be observed. If without the imaging evidence above, the patient will be removed out from the study.

In the control group, healthy physical examination participants with similar age and sex were selected. Esophageal AA staining was performed in both groups during the routine gastroscopy procedure and the images were fully integrated to identify the epithelial structure of lower esophagus near the Z-line.

Exclusion criteria: Patients with esophageal epithelial erosion which is always lead by gastroesphageal reflux disease (GERD) and will impact the mucosa observation after AA staining (Additional file [1](#MOESM1){ref-type="media"}), patients with esophageal or gastric cancer, patients with acute gastrointestinal bleeding, and patients with upper gastrointestinal surgery were excluded. Inappropriate patients, such as normal Z-line location in BE group, or BE in control group, were excluded either (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Flowchart of participants included

Materials and equipments {#Sec4}
------------------------

AA was prepared as a 2% solution by diluting 5 mL of 6% acetic acid in (with) 10 mL of distilled water used for dyeing. High resolution gastroscopes (EG29-i10; PENTAX, Japan) were used for recording pictures and videos.

### Protocol {#Sec5}

The endoscope would be placed at the lower esophagus, or proximal end of the lesion if there was obvious metaplasia. The mucosa should be cleaned by injecting water before taking photos. Then 10 − 15 ml AA would be sprayed by spraying pipe onto cleaned mucosa, and further observation began after 30 s \[[@CR19]\]. The biopsy were taken in and out of CS region with 1\~ 2 pieces separately. Patients were given spasmolytic (Anisodamine 10 mg im.) and sedation (Midazolam 5 mg im.) before the examination to reduce the discomfort.

Diagnostic criteria for CS {#Sec6}
--------------------------

Made the Z-line and the submucosa of the esophageal folds evenly with moderate air under endoscope. The imaging features before AA staining were recorded. Thirty seconds after AA staining, the mucosa of lower esophagus and cardia turned white at the same time, which meaned the albino acetate reaction. Then, white linear stripes, so-called circular stripes, generally with a length of more than 0.5 cm, could be observed below the Z-line. These stripes had clear boundaries and distributed in circular or a certain quadrant. The images after AA staining were recorded. About 4--6 min later, the whitening area gradually returned to normal color and shape. This phenomenon is defined as CS positive in this study, which is approved and reviewed by two experienced endoscopic physicians.

All patients signed the informed consent of gastroscopy examination and AA staining. All aspects of the study were conducted using de-identified photographs and videos. Because all the photographs and videos existed before initiation of the study, this study was granted exempt status by the Xi'an Jiaotong University Human Research Committee.

### Outcomes {#Sec7}

The primary end point of the study was whether there were CS. The secondary outcome included the distribution and width of the CS, the length from the Z-line to the EGJ (presumed by CS) which was recorded using the Prague C&M criteria \[[@CR20]\], the fine structure of the mucosa below the Z-line according to Guelrud M's study \[[@CR21]\],and the clinical symptoms of patients in BE group.

### Statistical methods {#Sec8}

All analyses were performed with SPSS 18.0 software. *χ*^2^ test or Fisher's exact test were used to compare the categorical variables. As the age for each group was normally distributed and had equal variance, *t*-test was conducted to test their mean difference. Statistical difference was considered to be significant at the level of 0.05.

Results {#Sec9}
=======

The general characteristics of the subject {#Sec10}
------------------------------------------

A total of 110 people were enrolled in the study and there were 47 patients in the BE group. Consistent with our patient population, the majority of the patients were over-aged with a roughly equal distribution between males and females (Table [1](#Tab1){ref-type="table"}). In the BE group, the main clinical symptoms were not the same. 19 patients (40.42%) had acid reflux and heartburn, 12 (25.53%) had upper abdominal pain, 7 (14.89%) had abdominal distention, 5 (10.64%) had abdominal discomfort, and 4 (8.51%) had no typical symptom. In control group, there was no patient having symptom, consistent with the healthy screening population. There were not significant differences between two group of their taste preference (Table [1](#Tab1){ref-type="table"}).Table 1Baseline characteristics of the two groupsBE group\
*n* = 47Control group\
*n* = 63χ^2^*P* valueAge, mean ± SD53.68 ± 14.3949.41 ± 11.511.728^a^0.087Female, n (%)16 (34.0)28 (44.4)1.2140.271Fissure hernia, n (%)6 (12.8)4 (6.3)1.3410.320^\*^Taste preference Peppery14 (29.79)21 (33.33)5.2830.152 Sweet11 (23.40)18 (28.57) Sour7 (14.89)15 (22.22) Plain food15 (31.91)9 (14.29)Sympotoms (%) Acid reflux or heartburn19 (40.42)0 Upper abdominal pain12 (25.53)0 Abdominal distention7 (14.89)0 Abdominal discomfort5 (10.64)0 Asymptomatic4 (8.51)63 (100.00)^\*^Fisher's exact test^a^t value from t-test

Outcomes {#Sec11}
--------

In the BE group, the average M length of BE epithelium was 1.35 ± 0.48 cm (Prague criteria), and the C length was 0.50 ± 0.32 cm (Table [2](#Tab2){ref-type="table"}). There was no long segment BE patient, and there were 38 (80.85%) patients with 1 cm ≤ M \< 3 cm and 9 (19.14%) patients with M \< 1 cm respectively. After acetic acid staining, CS was showed in a total of 42 patients (89.36%) in the BE group, which was significantly higher than that in the control group (5/63, 7.94%). There was a significant difference between the two groups (*χ*^2^ = 72.931, *P* \< 0.001). CS could be found in the control group, which indicating movement of Z-line in 5 cases. The average width of CS was 0.73 ± 0.25 cm in the BE group, which was similar with that in the control group (0.88 ± 0.11 cm, *t* = − 1.270, *P* = 0.211).Table 2Results of gastroscopy and pathology in BE group vs control groupBE group\
*n* = 47Control group\
*n* = 63χ^2^ or t value*P* valueM value(cm), mean ± SD1.35 ± 0.48--C value(cm), mean ± SD0.50 ± 0.32--CS below the Z-line, n(%)42 (89.36)5 (7.94)72.931\< 0.001 Width of CS (cm), mean ± SD0.73 ± 0.250.88 ± 0.11-1.270^a^0.211Above the CS Punctate pattern, n (%)14 (33.33)1 (20.00)--\* Reticular pattern, n (%)13 (30.95)3 (60.00)--\* Villous pattern, n (%)14 (33.33)0 (0.00)--\*Below the CS Punctate pattern, n (%)19 (45.24)2 (40.00)--\* Reticular pattern, n (%)21 (50.00)2 (40.00)--\* Villous pattern, n (%)00--\*Without the CS5 (10.6)58 (92.1)72.931\< 0.001 Punctate pattern, n2 (40.00)1 (1.72)--\* Reticular pattern, n2 (40.00)0 (0.00)--\* Villous pattern, n1 (20.00)0 (0.00)--\*Pathology confirmed intestinal metaplasia (IM), n (%)23 (48.94)3 (4.76)29.101\< 0.001 The region of CS, n (%)8 (34.78)2 (66.67)--\* Above the CS, n (%)13 (56.52)1 (33.33)--\* Below the CS, n (%)2 (8.70)0 (0.00)--\*\*The sample size of the variable is too small to do the hypothesis testing^a^t value from t-test

In BE group, mucosa patterns were always abnormal above the CS, including 33.33% villous (Fig. [2a](#Fig2){ref-type="fig"}), 30.95% reticular and 33.33% punctate pattern. Blow the CS, the reticular (50.00%) and punctate patterns (45.24%) were observed after staining (Fig. [2b, c](#Fig2){ref-type="fig"}). There were some abnormal mucosa patterns observed in control group (Table [2](#Tab2){ref-type="table"}).Fig. 2Aceto-whitening reaction for the diagnosis of BE after instillation of 2% acetic acid. **a**, **b**, **c** After spraying acetic acid, the mucosal surface shows multiple CS near EGJ, with the surface pattern could be identified by either reticular or punctate or villous. **d** normal mucosa with punctate pattern without CS

Without CS, the mucosa patterns were always normal, just 1 participant in control group without CS (1/58) was observed to have punctate pattern (Fig. [2d](#Fig2){ref-type="fig"}). But in BE group, although 5 patients didn't have CS, their mucosa patterns were all abnormal.

Pathological examination showed that 23 (48.94%) patients had intestinal metaplasia (IM), which was significant more than control group (3/63, 4.76%). The patients with IM all had CS meanwhile. In BE group, 34.78% IMs were detected in the region of CS, 56.52% were above the CS and just 8.70% were below the CS.

Discussion {#Sec12}
==========

Because the AA could give a good enhancement on the mucosa pattern at lower esophagus, we were using AA staining as a routine procedure for gastroscopy and the CS were unexpected discovery. In this study, CS were mostly observed in the BE group. There might be three potential mechanisms underneath this phenomenon.

Firstly, the CS might be caused by columnar epithelial metaplasia following squamous epithelium retraction. The AA might emphasize the gap between columnar epithelium in different periods. It could be found that the squamous epithelium was in circular pattern near the cardia in healthy people and the CS partially crossed from columnar epithelium to squamous epithelium (Fig. [3a, b](#Fig3){ref-type="fig"}), both supporting this explanation. However, the CS were only confined at the cardia within 2 cm. The emergence of new columnar epithelium in the higher position no longer formed CS anymore and could be found in punctate, reticular or villous pattern while the previous two mainly. On the other hand, there could be absence of CS in 5 BE patients and villous or punctuate mucosa pattern were observed (Fig. [3c](#Fig3){ref-type="fig"}). Therefore, the generation of the CS cannot be fully explained only by the regression and metaplasia theory.Fig. 3Special features after instillation of the 2% acetic acid. **a** Squamous epithelium was in circular pattern near the cardia in healthy people, **b** CS partially crossed from columnar epithelium to squamous epithelium, **c** Absence of CS in 2 BE patients and only villous or punctuate mucosa pattern were observed, **d** Flat circular appearance was observed in healthy people

The second possible explanation was that the CS might be specifically performed at the EGJ region and its scope exactly represented the range of EGJ. The hypothesis, that EGJ was not a simple line, but a small portion of the lower esophagus to the cardia, was suggested by previous studies \[[@CR22]--[@CR24]\]. The dense squamous epithelium covering the EGJ might be the reason why we could less likely observe CS in the control group. When the squamous epithelium gradually became thinner or replaced by columnar epithelium, the CS would be revealed. However, more evidence needs to be found.

Thirdly, the CS might be the result of repeated hyperplasia and substitution of the cardiac epithelium. The columnar epithelium of the cardia in BE patients might be affected by inflammation \[[@CR25]\] or mechanical motion, which led to the edema or protein change of epithelium cell. For example, some healthy people were observed with circular appearance of the cardia in the inferior position occasionally. However, there was difference between non-metaplastic CS and metaplastic CS, that stripes in the former were flatter, while the latter were often stacked (Fig. [3d](#Fig3){ref-type="fig"}).

Based on the above assumptions, CS might help to identify the EGJ, sometimes obscure in white light images, even in magnified or NBI images. EGJ is an important marker for endoscopists to get biopsy, which is necessary for the diagnosis of BE in some guidelines, such as British Society of Gastroenterology guidelines and American Gastroenterological Association on the diagnosis of BE \[[@CR1], [@CR9]\]. Most studies suggested that EGJ was a marker for pointing the initial position of squamous epithelium, and further evaluating distance between the EGJ and the ascending squamo-columnar junction (SCJ) precisely \[[@CR1], [@CR9]--[@CR11], [@CR26]\]. Paris Workshop showed that the EGJ was located in the abdomen, just below the diaphragmatic pinch with the upper margin of the longitudinal gastric folds coinciding with the SCJ in the normal situation. The length of the metaplastic columnar segment is the distance between the neo-formed SCJ and the anatomical EGJ \[[@CR26]\], and the reliability of the evaluation depends on the precision of the determination of the EGJ under endoscopy \[[@CR26]\]. Mistake in EGJ judgement has little influence on diagnosis of long-segment BE, however it would mislead the diagnosis of short or ultra-short segment BE, while the majority of the Asian BE patients are in short segment \[[@CR11], [@CR26]--[@CR31]\]. Ishimura showed that the prevalence of long segment BE was extremely low in East Asia, while the prevalence of short segment BE was very high only in Japan \[[@CR11]\], which was similar to Okita K and Amano Y \[[@CR30], [@CR31]\]. Chang CY showed that short segment BE (75.6%, *n* = 31) was more prevalent than long segment BE (24.4%, *n* = 10) in Chinese population \[[@CR28], [@CR29]\]. Therefore, more effective method is needed to determine EGJ. If the CS after AA staining are related to the newly hyperplastic columnar epithelium, the length of the BE epithelium can be evaluated from distal end of CS; if CS are limited to the EGJ region, then the proximal end can be borderline for hyperplastic epithelium. Multiple biopsies may prolong the time of procedure and increase patients' suffering, and cause too much bleeding to get the high-risk lesions \[[@CR18], [@CR32]\]. The CS helps to outline the target area and make emphasis on the microstructure of the surface. Meanwhile the fading effect after the AA staining can help to identify the abnormal mucosal lesions \[[@CR14]\].

The research of the CS could also help to understand the origin and development of BE. Pathologists generally believe that the BE epithelium consists of three tissue types: \[[@CR1]\] proximal end is intestinal epithelial cells including goblet cells, \[[@CR2]\] in the middle, it is connection type epithelium that is cardiac mucosa without goblet cells, \[[@CR3]\] the distal end is the basal epithelium contains both parietal cells and primary cells \[[@CR33]--[@CR36]\]. Our study indicates that CS may be a useful marker representing the connected epithelium perfectly and furthermore pathological evidences are required to support this theory.

It is generally believed that BE is closely associated with gastroesophageal reflux disease \[[@CR1]\]. This study showed that BE patients mainly had gastroesophageal reflux symptoms, including acid reflux or heartburn, but 59.58% of patients had no symptoms of gastroesophageal reflux, which was similar to the literature reports \[[@CR37]--[@CR39]\]. These findings suggested that there may be other etiological factors, such as race, environment, diets, use of alcohol or smoking. Therefore, we should pay attention to the people without gastroesophageal reflux symptoms. Combined with magnifying endoscopy, Toyoda improved the mucosal microstructure classification through the study of patients with BE, including 3 types: normal pits, slit-reticular pattern, and gyrus-villous pattern. The sensitivity and specificity of gyrus-villous pattern for IM were 88.5% and 90.2%, and the overall accuracy was 90.0% \[[@CR35]\]. In this study, we observed there was no IM in the punctate and the reticular area in the BE group, while the accuracy rate of IM was 100% in the villous area, which was consistent with Toyoda. This result suggested that AA staining combined with high resolution endoscopy could also improve the yielding of BE diagnosis without magnifying endoscopy, NBI or BLI, especially in screening.

The deficiency of this research was that the sample size was limited as a pilot study. In addition, we did not classify the different types of BE because of the small sample size. So further research is needed to explore the differences and the occurrence mechanism of different types of BE, and to explore the effectiveness of different endoscopic techniques in the diagnosis of BE epithelial range and nature.

Conclusion {#Sec13}
==========

This is the pilot study that mentions and describes CS as a special feature under high resolution endoscopy with AA staining, and CS may become an important reference in the diagnosis and treatment of BE.

Additional file {#Sec14}
===============

Additional file 1:The features after 2% acetic acid in patients with esophageal epithelial erosion. The esophageal epithelial erosion is always lead by gastroesphageal reflux disease and will impact the mucosa observation after acetic acid staining. (JPEG 666 kb)
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:   Esophagogastric junction

IM
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